Objective: Clinical cardiac complications in oncologic patients may develop from subclinical myocardial damage. Biomarkers N-terminal pro brain natriuretic peptide (NT-proBNP) and troponin T (cTnT) have been hypothesized to refl ect preclinical cardiotoxicity earlier than echocardiography. The aim of this study was to assess prospectively the serial values of these cardiomarkers in leukemia patients treated with allogeneic hematopoietic stem cell transplantation (HSCT). Patients: Twenty-one patients who were treated with allogeneic HSCT for acute leukemia at mean age of 32.8 years (range: 19-58) were studied. The conditioning regimen included high-dose cyclophosphamide in combination with total body irradiation (TBI) or busulphan. All patients were treated with anthracyclines earlier (median cumulative dose 250 mg/m 2 , range: 150-580). Methods: Cardiomarkers were measured before the preparative regimen (PR) and on days 1, 14 and 30 after HSCT. Their cardiac systolic function was assessed before PR, and 1-2 months after HSCT by echocardiography.
Serious cardiac complications taking place in patients after therapy of leukemia may develop from subclinical myocardial damage (1) (2) (3) . The cardiac status of patients treated with hematopoietic stem cell transplantation (HSCT) has been evaluated in several studies (4) (5) (6) (7) (8) (9) . Some authors found only low prevalence of clinical cardiotoxicity (0.9 %) in these patients (10) . The greatest risk for development of cardiotoxicity is connected with previous treatment with anthracyclines (ANT) and chest irradiation (11) . Moreover the patient's age, cardiac comorbidity, disease and transplant-related factors, and cardiac GvHD (graft versus host disease) may contribute to serious cardiac complications (12) .
General recommendations for monitoring the cardiotoxicity induced by HSCT have been published recently (13, 14) . Echocardiography and radionuclide imaging techniques lack adequate sensitivity to detect early cardiac damage. The aim of this study was to assess prospectively the potential cardiotoxicity using serial values of cardiomarkers N-terminal pro brain natriuretic peptide (NT-proBNP) and troponin T (cTnT).
Patients and methods

Patients
The study included 21 consecutive patients who received an allogeneic HSCT for acute leukemia (AL) in fi rst or second remission from July 2009 to September 2010 at the Transplantation Centre of Hematology Department at University Hospital Bratislava. There were 12 males and 9 females with mean age of 32.8 years at HSCT (range: 19-58). Fourteen patients received peripheral-blood stem cells (PBSC) from a matched, unrelated donor while 7 patients from an HLA-identical sibling. All patients were conditioned with cyclophosphamide (CY) 60 mg/kg body weight intravenously on 2 consecutive days, in 11 patients in combination with fractionated total body irradiation (TBI) 12 Gy in six fractions of 2 Gy over 3 days, and in 9 patients in combination with peroral busulphan 4 mg/kg body weight daily for 4 days. One patient received FLAMSA-like conditioning (fl udarabine 30 mg/m 2 daily for 4 days, cytosinara-binosid 2 g/m 2 daily for 4 days, TBI 4 Gy in two fractions over one day, CY 60 mg/kg intravenously on 2 consecutive days, amsacrine was replaced by idarubicin 10 mg/m 2 inravenously on 4 consecutive days). Cyclosporine A and short-term methotrexate were administered for the prophylaxis of GvHD. The study was approved by the local ethics committee of University Hospital Bratislava. Written informed consent was obtained from all patients.
One patient was previously treated for arterial hypertension, 2 patients had diabetes mellitus and 11 patients had hyperlipidemia before transplantation. One patient had a prior history of a cardiac disease because of leukemic infi ltration of the heart (at the time of diagnosis of acute leukemia). The cumulative dose of ANT (idarubicin, daunorubicin and mitoxantrone) was calculated as the equivalent dose of doxorubicin. All patients were previously treated with anthracyclines (mean cumulative dose 258±120 mg/m 2 , median 250 mg/m 2 , range: 150-580).
Evaluation of cardiac function
Echocardiography was performed before the preparative regimen (PR) and 1-2 months after HSCT, and the ejection fraction (EF) was calculated as a measure of left ventricular (LV) systolic function. In all patients, resting 12-lead electrocardiography (ECG) was performed the day before PR, the day after HSCT (D+1), 14 days after HSCT (D+14) , 30 days after HSCT (D+30), or in the development of clinical symptoms.
Serial measurements of plasma NT-proBNP and cTnT concentrations were performed the day before PR (baseline), the day after HSCT (D+1), 14 days after HSCT (D+14) and 30 days after HSCT (D+30). Venous blood samples were obtained from an indwelling catheter in the morning. Plasma concentrations of biomarkers were measured immediately by electrochemiluminescence immunoassay on Elecsys 2010 analyzer (Roche Diagnostics). Normal values of cTnT were <0.014 μg/L and NT-proBNP <100 pg/mL in males and <150 pg/mL in females.
Statistical analysis
Continuous variables (echocardiographic parameters) are presented as mean ± SD (standard deviation) and cardiac biomarkers (NT-proBNP, cTnT) as median and interquartile range. Comparisons between continuous or categorical variables were performed using the Student t test and Fisher's exact test. Friedman test was used to test the difference between variables. Correlations were evaluated with Spearman correlation coeffi cient. A p-value less than 0.05 was considered statistically signifi cant.
Results
Before PR, median plasma NT-proBNP value was 97.5 (59.46-244) pg/mL (abnormal in 9 patients). After HSCT (day+1), a further increase up to 1507 (654-2788) pg/mL (abnormal in 20 patients) was observed. Fourteen days after HSCT, median plasma NT-proBNP decreased down to 710 (412-1972) pg/mL (still abnormal in 18 patients). Persistent abnormalities were found in 19 patients 30 days after HSCT (326 (217-703) pg/mL). The differences in NT-proBNP before PR and after HSCT were statistically signifi cant (Fig.1) (p<0.001) . The median plasma NTproBNP values after HSCT in patients with increased baseline plasma NT-proBNP were higher than in patients with normal baseline plasma NT-proBNP, which may be associated with pretreatment of higher cumulative doses of anthracyclines (>250 mg/m 2 vs <250 mg/m 2 , p=0.004) (Fig. 2) . Levels of NT-proBNP showed no correlation with fever defi ned as the occurrence of a temperature of >38 °C in the previous week (p=-0.03, p=0.77), with plasma creatinine level (p=0.1, p=0.33) and arterial hypertension (p=0.08, p=0.43).
At baseline, 3 patients presented with increased cTnT (0.005 (0.003-0.009) μg/L). After HSCT (day+1) and 14 days after HSCT, plasma cTnT values were elevated in 8 and 9 patients (0.009 (0.005-0.018) μg/L and 0.012 (0.007-0.019) μg/L), and remained increased in 10 patients on day 30 (0.014 (0.005-0.023) μg/L). The median plasma cTnT values increased with the time elapsed from HSCT (Fig. 3) . The differences in cTnT before and after HSCT were signifi cant (p=0.005). The changes in cTnT concentrations were higher in patients received TBI (p=0.013).
All electrocardiographic parameters of patients remained normal, except two patients. A QTc interval prolongation (497 ms), bradycardia and inversion of T waves in V1-V6 in one patient 3 days after HSCT, and inversion of T waves in V4-V6 on ECG record on fi rst day after HSCT in the second patient were found.
In the early period after HSCT, we found a decrease in systolic LV function (LV EF 65.2±5.6 % vs 59±4.9 %), which was statistically signifi cant (p=0.003). Levels of NT-proBNP showed negative correlation with LV EF (p=-0.35, p=0.03).
In the peritransplant period, three (14.3 %) patients developed clinical manifestation of cardiotoxicity (Tab. 1).
Discussion
Only few studies have assessed the detection of cardiotoxicity using BNP/NT-proBNP after HSCT (15) (16) (17) (18) (19) (20) or after high dose cyclophosphamide (21) . In our study, a signifi cant rise in the plasma NT-proBNP level after HSCT (day+1) was observed in all except one patient. This initial elevation in NT-proBNP levels may be a consequence of myocardial damage caused by the PR (TBI and/or chemotherapy). It has been reported that a preparative regimen causes an activation of endothelial cells and macrophages releasing infl ammatory cytokines such as tumor necrosis factor-alpha (TNF-α) or interleukins (IL) 1 and 6 (22) . There is increasing evidence that infl ammatory cytokines may also play an important role in the pathogenesis of heart failure by inhibiting cardiac contractility, promoting myocardial hypertrophy, and inducing cardiomyocyte apoptosis (23, 24) .
Several studies confi rmed that the administration of preparative regimen before HSCT, containing TBI and high dose C4 and previous anthracycline therapy may induce a subclinical myocardial injury detected by NT-proBNP (16, 20) .
In our study, higher NT-proBNP values were found in patients pretreated with higher cumulative doses of anthracyclines. Abnormal NT-proBNP levels 14 days after HSCT were found in 85.7 % of our patients. In comparison with other investigators, Horacek et al found abnormalities of this cardiomarker in 63.2 % while Niwa et al in 45.6 % (16, 8) . According to the single age-independent cut-point of 300 pg/mL, we can rule out acute congestive heart failure with high probability only in 38 % of patients (negative predictive value = 98 %) (25).
In our study, baseline plasma cTnT levels were elevated in 3 patients, which may be associated with previous anthracycline exposure. Our results show a delayed increase in serum cTnT levels after HSCT, suggesting prolonged effects of chemoradiotherapy on the myofi brillar system of cardiomyocytes. In fact, several studies have already shown continuous damage of anthracyclines to the cardiac myofi brillar system (26) (27) (28) . Kilickap et al observed in the fi rst 3 to 5 days after administration of anthracyclines an increased cTnT level in 34 % of patients (28) .
The clinical value of cardiac troponins in diagnosis of cardiotoxicity during and after the anticancer treatment has been evaluated in numerous studies (28) (29) (30) (31) (32) (33) (34) . Some studies have shown that elevations of serum cardiac troponins in patients after both anthracyclines and high-dose chemotherapy predicted subsequent myocardial dysfunction (29, 34) . Only some authors have dealt with the assessment of cardiac troponins after HSCT (3, 16, 35, 36) . They have reported, that NT-proBNP as a marker of cardiac damage after HSCT seems to be more sensitive than cTnT. Although the role of biomarkers in relation to cardiotoxicity after HSCT was investigated serially in our study, this pilot study was limited by the small number of patients.
In conclusion, the assessment of plasma NT-proBNP and cTnT concentrations may be a useful tool for detecting the cardiac damage in leukemia patients treated with HSCT. 
